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FIG. 2: Contributions to lepton pair production: (from left











corresponding to the rst, second and third diagrams in
Fig. 2, respectively. The latter two are expressed in terms
of the Dirac and Pauli form factors parametrizing the nu-

































already mentioned above, they are measurable elsewhere,
see, e.g., [16] for the most recent results.
The gauge invariant decomposition of the hadronic ten-
sor contributing to A
VCS
was found in Ref. [17] by an
explicit twist-three analysis at leading order of perturba-


















































































































are used to dene the gener-



























































































, which implies, according to Eq.
(5), that  approaches zero. The minimal allowed value
is set by j
min




s is the center-of-
mass energy. In the light-cone dominated region (7), the
Compton form factors factorize into calculable coeÆcient
functions and GPDs. To leading order in coupling con-


































































E [3]. The plus subscript
stands for the contraction of the corresponding Lorentz









which projects out the leading power contribution. From
here, one immediately sees the diÆculty to measure these
functions: one of the dynamical variables enters inte-
grated out with the coeÆcient function, which reads to





   x  i0

1
 + x  i0
: (9)
One can get rid of the convolution provided the observ-
able is sensitive to the imaginary part of the Compton





The most illuminating experimental observables in this
respect are single beam or target spin asymmetries. Their
advantage is that they (i) depend linearly on Compton
form factors, and (ii) are proportional to their imagi-
nary part. The complete result for the cross section
(1), which is represented by a double Fourier sum in












)g + (cos $ sin), will be published else-
where. Here we limit ourselves to the case of the lep-
ton helicity dierence and when one does not distin-
guish the nal state pair with respect to their angular
distribution. The integration over the solid angle 
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and so the only term which survives in the asymmetry
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). The unique feature of the
process is that GPDs can be studied as functions of all
three arguments independently. Note that if the timelike
virtuality is away from the resonance region, the hadronic
component of the photon can be neglected and conse-
quently all subprocesses with vector meson production.














FIG. 3: The - coverage with E = 11GeV electron beam.




























. The perimeters of
areas covered for dierent lepton energy losses y are shown as
described in the legend.
As Fig. 3 demonstrates, the region of the GPD surface
accessible in this reaction for a xed target experiment







Ey), the variable  varies in limits
min jj  jj  minfmax jj; j
cut
jg ; (11)


















j. The minimal value of  is governed by the
requirement of applicability of perturbative QCD treat-










restriction jj   is a simple consequence of the timelike
nature of the nal state photon.




































. DiÆculties in mea-
suring such a small cross section will be overcome at







or in collider experiments due to growth of
the cross section with increasing .


















































































































for spacelike (top) and timelike (bot-
tom) q
2
at E = 11 GeV. The solid, dash-dotted and dashed,
dotted curves represent predictions for FPD and DD (with


















dashed, dash-dotted curves, respectively. Bottom: Q
2
= 0






The cross section (10) being directly proportional to
GPDs is extremely sensitive to their skewedness de-
pendence. Such kinds of measurements can easily es-
tablish the credibility of our current understanding of
mesonic-like components of GPDs and thus constrain the
region which is lacking in the establishment the total
spin sum rule [13]. In Fig. 4, we present estimates for
JLab@12GeV kinematics using two dierent models of
GPDs: A model without skewedness dependence, which























FIG. 5: The dependence of scaled cross section for FPD










d (right) for the same kinematical settings as in
Fig. 4, top and bottom panels, respectively.























FIG. 6: Same as in Fig. 5, displayed for HERA kinematics

















corresponds to the conventional parton density taken to
be the same at all values of , the so-called forward par-
ton distribution (FPD) model. And a model based on
a more sophisticated construction [18] which takes the
aforementioned parton densities as input and leads to a
nontrivial -dependence. It is called the double distri-
bution (DD) model. For specic details we refer to Ref.
[12]. The most prominent way to discriminate between








the cross section (10) as shown in Fig. 5. One will be
easily able to distinguished between dierent behaviors
by varying the timelike photon virtuality over a short in-
terval below the -meson threshold. As Fig. 6 shows, the
higher energy of HERA results into even higher sensitiv-
ity to the skewedness dependence of GPDs. We like to
mention that at HERA the skewedness dependence can
already be studied in measurements of the unpolarized
cross section, since the imaginary part of the Compton
amplitude dominates over the real part.
To conclude, the exclusive electroproduction of lepton
pairs provides a unique opportunity to determine exhaus-
tive information on the nucleon's internal structure by
accessing inter-parton correlations. The underlying GPD
can be mapped uniquely as a function of all its variables
which encode dynamics in longitudinal and transverse
spaces. Our analysis demonstrates a high sensitivity of
the lepton helicity asymmetry to the skewedness depen-
dence of GPDs. Similar conclusions apply to nucleon spin
asymmetries which again extract the interference term of
Bether-Heitler and Compton amplitude and separate yet
another combination of functions in question. The angu-
lar distribution of the nal state lepton pairs has a very
rich structure and its measurement will lead to an in-
dispensable complementary information on GPDs. One
might expect that such studies at collider energies will pin
down the skewedness dependence of gluon GPDs in the
small- region and thus reduce theoretical uncertainties
in diractive leptoproduction of vector mesons. Finally,
let us point out that the dierence between the space-
and timelike region is perturbatively computable and so
the onset of the light-cone dominance can be elucidated
as well.
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